A convergent synthetic route to the tunicamycin antibiotics. Synthesis of (+)-tunicamycin V by Myers, Andrew G. et al.
Supporting Information for J. Am. Chem. Soc., 1993, 115(5), 2036-2038, DOI: 10.1021/ja00058a060
Terms& Conditions
Electronic Supporting Information files are available without a subscription to ACS Web Editions. The American Chemical
Society holds a copyright ownership interest in any copyrightable Supporting Information. Files available from the ACS website
may be downloaded for personal use only. Users are not otherwise permitted to reproduce, republish, redistribute, or sell any
Supporting Information from the ACS website, either in whole or in part, in either machine-readable form or any other form
without permission from the American Chemical Society. For permission to reproduce, republish and redistribute this material,
requesters must process their own requests via the RightsLink permission system. Information about how to use the RightsLink
permission system can be found at http://pubs.acs.org/page/copyright/permissions.html.
Copyright © 1993 American Chemical Society
Synthesis of Imidate 5 
















No ow ^3 
TBSO KF • 2H20, CH3OH TBSO 0TBS 
CH3 Y?OV^ CH3 ° 




TBSO o ccic 
CH3 
CH3 
©1993 Am. Chem. Soc Supplementary material, 
J. Am. Chem. Soc. v. 115 pa9e 1 
p. 2036 Myers 
j - a o 3 & -  r v i s .
Synthesis of Imidate 5
Acetonide B. A solution of triacetate A 1 (14.50 g, 32.6 mmol, 1 equiv) in 
methanol (100 mL) was stirred with sodium hydroxide (100 mg, 2.50 mmol, 0.08 equiv) 
at 23 °C for 45 min. Excess base was neutralized by the addition of Amberlyst IR-45 
acidic ion-exchange resin (2.5 g); after stirring for 5 min, the solids were removed by 
filtration. After concentration of the filtrate, the residue, together with crushed activated 
5A molecular sieves (9.5 g), was diluted with a solution of acetone and 2,2- 
dimethoxypropane (5:1 v/v, 120 mL), and the resulting suspension was stirred at 23 °C 
for 40 min. Solid /?-toluenesulfonic acid monohydrate (200 mg, 1.05 mmol, 0.03 equiv) 
was added, and the reaction mixture was stiired at 23 °C for 1.5 h before quenching with 
triethylamine (2.0 mL). The solids were removed by filtration and, after concentration of 
the filtrate, the residue was purified by flash column chromatography (25% ethyl acetate 
in hexanes) to afford B (8.90 g, 76%) as a viscous oil. *H NMR (300 MHz, CDCI3 ): 5 
4.58 (d, IH, J  = 10.2 Hz, HI), 3.86 (dd, IH, J  = 7.0, 14.8 Hz, H6 ), 3.76 (t, IH, J  = 14.8 
Hz, H6 ), 3.57 (t, IH, J  = 12.5 Hz, H4), 3.45 (ddd, IH, J  = 3.6, 10.2, 12.5 Hz, H3), 3.26 
(dd, IH, J  = 10.2, 12.5 Hz, H2), 3.23 (m, IH, H5), 2.89 (d, IH, /  = 3.6 Hz, OH), 1.50 (s, 
3H, acetonide), 1.41 (s, 3H, acetonide), 0.90 (s, 9H, r-Butyl), 0.15 (s, 3H, SiCH3 ), 0.12 (s, 
3H, SiCH3); FTIR (neat film, cm-*): 3458m(br), 2931m, 2860m, 2112s, 1473w, 1382m, 
1267m, 1198m, 1181m, 1096s, 1039m, 966m, 842s, 784m, 682w; HRMS (FAB): 
Calculated for C i5H3oN3 0 6 Si(M H+): 360.1955, Found: 360.1974.
Bis(TBS) E ther C. Solid r-butyldimethylsilylchloride (7.45 g, 49.4 mmol, 2.0 
equiv) was added to a solution of acetonide B (8.87 g, 24.7 mmol, 1 equiv) and imidazole 
(5.04 g, 74.1 mmol, 3.0 equiv) in dichloromethane (100 mL) at 23 °C. After stirring for 
1.5 h, the product solution was partitioned between dichloromethane (100 mL) and water 
(100 mL). The organic layer was dried (sodium sulfate) and concentrated, and the 
residue was purified by flash column chromatography ( 1 0 % ethyl acetate in hexanes) to 
give C (1L10 g, 95%) as clear, colorless oil. *H NMR (300 MHz, CDCI3 ): 8 4.52 (d. 
IH, J  = 10.3 Hz, HI), 3.85 (dd, IH, /  = 7.1, 14.1 Hz, H6 ), 3.75 (t, IH, 7 = 14.1 Hz, H6 ). 
3.48 (t, IH, J  rz 12.1 Hz, H4), 3.38 (t, IH, J  = 12.1 Hz, H3), 3.16 (dd, IH, J  = 10.3, 12.1 
Hz, H2), 3.16 (m, IH, H5), 1.45 (s, 3H, acetonide), 1.39 (s, 3H, acetonide), 0.93 (s, 9H, t- 
Butyl), 0.90 (s, 9H, f-Butyl), 0.14 (s, 3H, SiCH3), 0.12 (s, 3H, SiCH3), 0.10 (s, 3H. 
SiCH3), 0.07 (s, 3H, SiCH3); FTIR (neat film, cm-*): 2931m, 2859m, 2111s, 1472w.
1 For the preparation of A, see: Kinzy, W.; Schmidt, R. R. Liebigs Ann. Chem. 1985,1537.
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1380w, 1258m, 1126s, 1094s, 968w, 836s, 78Ira; HRMS (FAB): Calculated for 
C2iH42N30 5Si2 (MH+): 472.2663, Found: 472.2675.
Hemiacetal D. Solid potassium fluoride dihydrate (12.0 g, 127.5 mmol, 5.5 
equiv) was added to a solution of C (11.0 g, 23.3 mmol, 1 equiv) in methanol (100 mL) at 
23 °C, and the resulting solu^on was stirred for 6.5 h. The reaction mixture was 
partitioned between ethyl acetate (700 mL) and water (300 mL), and the organic layer 
was then washed with saturated aqueous sodium chloride solution (300 mL), dried 
(sodium sulfate), and concentrated. The residue was purified by flash column 
chromatography (25% ethyl acetate in hexanes) to yield D (a:P 2:1, 8.49 g, quantitative) 
as a clear, w.'lorless oil. *H NMR (300 MHz, CDCI3): 8 5.30 (t, 1H, J  = 3.6 Hz, H la), 
5.11 (d, 1H, J ~ 1 Hz, OHp), 4.62 (dd, 1H, 7= 1, 8.0 Hk, Hip), 4.19 (dd, 1H, J = 4.0, 8.4 
Hz, H6p), 4.0 - 3.6 (m, H6a&p, GHa), 3.55 - 3.40 (m, H3,4 a&p), 3.30 - 3.10 (m, H5, 2 
a&j3), 1.47 (s, 3H, acetonide), 1.46 (s, 3H, acetonide), 1.40 (s, 3H, acetonide), L38 (s, 
3H, acetonide), 0.92 (s, 9H, r-Butyl), 0.90 (s, 9H, f-Butyl), 0.16 (s, 3H, SiCH3), 0.12 (s, 
3H, SiCH3), 0.11 (s, 3H, SiCH3), 0.08 (s, 3H, SiCH3); FTIR (neat film, cm-1): 
3391w(br), 2930m, 2859m, 2111s, 1472w, 1383w, 1267m, 1124m, 1088s, 838s; HRMS 
(FAB): Calculated for Ci5H3oN30 5Si(MH+): 360.1955, Found: 360.1960
Imidate 5. A solution of hemiacetal D (8.40 g, 23.4 mmol, 1 equiv) in a irnxture 
of dichloromethane and trichioroacetonitrile (5:1 v/v, 120 mL) was stirred with potassium 
carbonate (3.0 g, 21.7 mmol, 0.9 equiv) at 23 °C for 24 h. The suspension was filtered, 
the filtrate was concentrated, and the crude product was purified by flash column 
chromatography (10% ethyl acetate in hexanes with 2% triethylamine) to afford 5 (7.53 
g, 64%). Unreacted D (1.0 g, 12%) was recovered in separate fractions. NMR (300 
MHz, CDC13): 5 8.73 (s, 1H, NH), 5.67 (d, 1H, /  = 6.7 Hz, HI), 3.97 (dd, 1H, /  = 4.8, 
12.1 Hz, H6), 3.79 (t, 1H, J = 12.1 Hz, H6), 3.55 (m, 3H, H2, 3, 4), 3.35 (m, 1H, H5), 
1.48 (s, 3H, acetonide), 1.38 (s, 3H, acetonide), 0.90 (s, 9H, Butyl), 0.14 (s, 3H, SiCH3), 
0.11 (s, 3H, SiCH3); FTIR (neat film, cm-1): 3347w, 2930m, 2858m, 2113s, 1679s, 
1472w, 1373m, 1267s, 1203m, 1173m, 1065s, 971m, 835s, 798s, 781s, 647m.
©1993 Am. Chem. Soc. 
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Diol F. Chlorotrimethylsilane (3.47 mL, 27.40 mmol, 2.5 equiv) was added to a 
solution of 5 '- 0 -dimethoxytrityl uridine E l (5.98 g, 10.94 mmol, 1 equiv), 4- 
dimethylaminopyridine (30 mg, 0.25 mmol, 0.02 equiv), and triethylamine (7.62 mL, 
54.70 mmol, 5.0 equiv) in dichloromethane (20.0 mL). The resulting white slurry was 
stirred at 23 °C for 2 h and then was filtered. After concentration of the filtrate, the 
residual oil was partially purified by rapid filtration through flash grade silica gel (33% 
ethyl acetate in hexanes) to yield a viscous, yellow oil (6.95 g). A solution of the 
partially purified bis(TMS) ether and 4-dime.thylaminopyridine (30 mg, 0.25 mmol, 0.02 
equiv) in pyridine (25.0 mL) was stirred with di-f-butyl dicarbonate (3.47 mL, 15.10 
mmol, 1.4 equiv) at 23 °C for 12 h. After concentration of the reaction mixture in vacuo, 
the residue was diluted with methanol (20 mL), and the resulting solution was stirred with 
potassium fluoride dihydrate (2.50 g, 26.56 mmol, 2.4 equiv) at 23 °C for 3 h. The 
reaction mixture was partitioned between ethyl acetate (600 mL) and water (200 mL), and 
the organic layer was washed with saturated aqueous sodium chloride solution (200 mL)* 
then dried (sodium sulfate), and concentrated. The residue was purified by flash column 
chromatography (40% ethyl acetate in hexanes) to give F (5.58 g, 79%) as a white solid 
(mp 93.0 °C). N M R  (400 MHz, A cetone^): 8 (7.97 (d, IH, J  = 8.2 Hz, H6), 7.47 
(m, 2H, arom), 7.33 (m, 6H, arom), 7.26 (m, IH, arom), 6.90 (m, 4H, arom), 5.89 (d, IH, 
J  = 4.1 Hz, H I’), 5.33 (d, IH, J  = 8.2 Hz, H5), 4.84 (d, IH, / =  5.5 Hz, OH), 4.49 (m, IH, 
H3'), 4.37 (m, 2H, H4’ and OH), 4.13 (m, IH, H2'), 3.78 (s, 6H, OCH3), 3.50 (dd, IH, J  = 
3.0, 12.1 Hz, H5'), 3.43 (dd, IH, 7  = 2.7, 12.1 Hz, H5’), 1.55 (s, 9H, f-butyl); FTIR (neat 
film, cm-1): 3436w(br), 2932w, 1784s, 1716s, 1668s, 1608m, 1509m, 1446m, 1392m, 
1252s, 1177w, 1147m; HRMS (FAB); Calculated for C35H38N2O10 (M+): 646.2526, 
Found: 646.2498.
Fully Protected Undine G. Allyl chloroformats (10.20 mL, 95.80 mmol, 10.0 
equiv) was added dropwise over 10 min to a solution of diol F (6.2.0 g, 9.58 mmol, 1 
equiv) in pyridine (15.50 mL, 191.6 mmol, 20.0 equiv) at -20 °C. The resulting slurry 
was allowed to warm to 23 °C and was stirred at this temperature for 25 min, at which 
time the pyridine was removed in vacuo. The residue was dissolved in dichloromethane 
(30 mL) and ethyl acetate (500 mL), and the resulting solution was washed sequentially 
with water (300 mL) and saturated aqueous sodium chloride solution (300 mL), then 
dried (sodium sulfate), and concentrated. The crude product was purified by flash 
column chromatography (33% ethyl acetate in hexanes) to yield G (6.78 g, 87%) as a
1 Smith, M.; Rammler, D. H.; Goldberg, H.; Khorana, H. G. J. Am. Chenu Soc. 1962,84,430.
©1993 Am. Chem. Soc. 
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white solid (mp 77.0 - 78.0 °C). *H NMR (300 MHz, C6D6): 5 7.57 (m, 2H, arom), 7.40 
(m, 4H, arom), 7.36 (d, IH, J  = 8.2 Hz, H6), 7.20 (m, 2H, arom), 7.07 (m, IH, arom), 
6.80 (m, 4H, arom), 6.26 (d, IH, J =  3.7 Hz, HI'), 5.73 (m, 3H, AOC), 5.67 (m, IH, H3'), 
5.62 (m, IH, H2'), 5.19 (d, IH, J = 8.2 Hz, H5), 5.14 (m, IH, AOC), 5.08 (m, IH, AOC), 
4.98 (m, IH, AOC), 4.96 (m, IH, AOC), 4.43 (m, IH, AOC), 4.40 (m, IH, AOC), 4.31 
(m, IH, AOC), 4.10 (m, IH, H4’), 3.44 (dd, IH, J  = 2.9, 11.5 Hz, H5’), 3.35 (dd, IH, /  = 
2.9, 11.5 Hz, H5'), 3.33 (s, 6H, OCH3), 1.45 (s, 9H, f-butyl); FTIR (neat film, cm '1): 
2935w, 1787s, 1759s, 1724s, 1682s, 1608w, 1509m, 1440m, 1372m, 1256s, 1148m, 
1033w, 833w; HRMS (FAB): Calculated for C43H46N20i4 (M+): 814.2949, Found: 
814.2900.
Alcohol H. A solution of benzenesulfonic acid (1.80 g, 11.38 mmol, 1.4 equiv) in 
chloroform (60.0 mL) was poured onto the solid, protected uridine derivative G (6.78 g, 
8.33 mmol, 1 equiv), and the resulting bright orange solution was stirred at 23 °C for 2 
min. The reaction mixture was partitioned between ethyl acetate (500 mL) and saturated 
aqueous sodium bicarbonate solution (300 mL), and the organic layer was washed with 
saturated aqueous sodium chloride solution (300 mL), dried (sodium sulfate), and 
concentrated. The residue was purified by flash column chromatography (67% ethyl 
acetate in hexanes) to give H (3.26 g, 76%) as a white solid (mp 62.0 °C). *H NMR (300 
MHz, C6D6): 8 7.01 (d, IH, /  = 10.1 Hz, H6), 5.96 (d, IH, J = 6.7 Hz, HI'), 5.73 (m, IH, 
AOC), 5.72 (m, IH, H3‘), 5.68 (m, IH, AOC), 5.62 (m, IH, AOC), 5.48 (dd, IH, 7 =  5.3, 
6.7 Hz, H2'), 5.34 (d, IH, J = 10.1 Hz, H5), 5.20 - 4.94 (m, 4H, AOC), 4.45 - 4.28 (m, 
3H, AOC), 3.95 (m, IH, H4'), 3.53 (m, IH, H5’), 3.30 (m, IH, H5'), 2.57 (t(br), IH, OH), 
1.45 (s, 9H, /-butyl); FTIR (neat film, cm*1): 3499w(br), 2986w, 1784s, 1756s, 1722s, 
1682s, 1451m, 1372m, 1265s, 1147m, llOOw, 951w, 786w; HRMS (FAB): Calculated 
for C22H29N2O 12 (MH+): 513.1720, Found: 513.1739.
Aldehyde I. A solution of alcohol H (355 mg, 0.693 mmol, 1 equiv) in 
dichloromethane (4.0 mL) was added via cannula to a solution of the Dess-Martin 
periodinane (882 mg, 2.08 mmol, 3.0 equiv) in dichloromethane (4.0 mL), and the 
resulting suspension was stirred at 23 °C for 20 min. The reaction mixture was 
partitioned between ethyl acetate (130 mL) and a mixture of saturated aqueous sodium 
bicarbonate solution and saturated aqueous sodium thiosulfate solution (4:1 v/v, 50 mL). 
The organic layer was washed with saturated aqueous sodium chloride solution (50 mL), 
then was dried (sodium sulfate) and concentrated. Purification of the residue was 
accomplishedd by flash column chromatography (67% ethyl acetate in hexanes) to afford 
the sensitive aldehyde I (227 mg, 64%), which was used immediately in the subsequent 
coupling step.
©1993 Am. Chem. Soc. 
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Synthesis of (£)-13-Methyl-2-tetradecenoic Acid
Ozonolysis of Cydododecene. Ozone was bubbled through a suspension of 
sodium bicarbonate (1.60 g, 19.0 mmol, 0.6 equiv) and cydododecene (5.00 g, 30.1 
mmol, 1 equiv) in a mixture of dichloromethane and methanol (10:3 v/v, 130 mL) at -78 
°C for 3 h until the solution became deep blue. To remove excess ozone, nitrogen was 
bubbled through the solution at -78 °C for 15 min until the solution became colorless; the 
reaction mixture was then allowed to warm to 23 °C. After filtration of the suspension, 
benzene (80 mL) was added to the filtrate, and the resulting solution was concentrated to 
a volume of 40 mL. The concentrate was diluted with dichloromethane (160 mL) and 
triethylamine (12.0 mL, 86.1 mmol, 2.8 equiv). Acetic anhydride (16.0 mL, 169.6 
mmol, 5.6 equiv) was added dropwise over 10 min at 23 °C to the resulting solution. 
After stirring for 5 h» the reaction mixture was diluted with dichloromethane (150 mL). 
The product solution was washed sequentially with 0.1 N aqueous hydrochloric acid (300 
mL), saturated aqueous sodium bicarbonate solution (300 mL), and saturated aqueous 
sodium chloride solution (300 mL). The organic layer was dried (sodium sulfate) and 
concentrated, and the pale, yellow oily residue was purified by flash column 
chromatography (10% ethyl acetate in hexanes) to give the aldehyde J  (6.10 g, 94%) as a 
clear, colorless oil. *H NMR (300 MHz, CDC13): 8  9.75 (s, 1H, H12), 3.62 (s, 3H, 
OCH3 ), 2.41 (dt, 1H, J  = 2.1, 7.5 Hz, H2), 2.30 (t, 1H, J  = 7.5 Hz, H2), 1.62 (m, 2H, 
HI 1), 1.29 (m, 16H, CH2); FTTR (neat film, cm '1): 2926s, 2853s, i739s, 1436w, 1172m; 
HRMS(EI): Calculated for Q 3H2 3O3 (M - H)+: 227.1647, Found: 227.1641.
Alkene K. A solution of sodium bis(trimethysilyl)amide (12.0 mL, 1.0 M, 12.0 
mmol, 1.3 equiv) in tetrahydrofuran was added to a suspension of 
isopropyltriphenylphosphonium iodide (6.00 g, 13.9 mmol, 1.5 equiv) in tetrahydrofuran 
(100 mL) at -78 °C. The resulting red suspension was stirred for at -78 °C for 5 min, then 
at 23 °C for 25 min, and finally at 0 °C for 5 min. A solution of aldehyde J  (2.00 g, 9.25 
mmol, 1 equiv) in tetrahydrofuran (25 mL) was added to the cold ylide solution via 
cannula, and the resulting suspension was allowed to warm to 23 °C and was stirred at 
that temperature for 1 h. The product solution was partitioned between ethyl ether (500 
mL) and water (300 mL). The organic layer was washed with saturated aqueous sodium 
chloride solution (300 mL), the was dried (sodium sulfate) and concentrated. The yellow 
oil was purified by flash column chromatography (gradient elution: 3 ~> 5% ethyl 
acetate in hexanes) to afford alkene K (1.92 g, 82%) as a clear, colorless oil. *H NMR 
(400 MHz, CDCI3 ): § 5.11 (m, IH, H12), 3.66 (s, 3H, OCH3), 3.30 (d, 2H, J  = 7.7 Hz,
©1993 Am. Chem. Soc. 
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H2), 1.93 (m, IH, H U ), 1.65 (s, 3H, CH3), 1.60 (s, 3H, CH3), 1.60 (m, IH, H ll) ,  1.27 
(m, 16H, CH2 ); FTIR (neat film, cm '1): 2925s, 2854s, 1743s, 1436m, 1376w, 1171m; 
HRMS(EI): Calculated for C i6H30O2 (M+): 254.2246, Found: 254.2246.
M ethyl Ester L. A solution of alkene K (2.02 g, 7.87 mmol, 1 equiv) in toluene 
(20 mL) was heated to 60 °C with 10% palladium on activated carbon (300 mg) under a 
hydrogen atmosphere (1 atm) for 12 h. The reaction mixture was then filtered through a 
pad of celite, washing well with ethyl ether (150 mL). The filtrate was concentrated to 
give pure methyl ester L (1.94 g, 96%) as a clear, colorless oil. *H NMR (300 MHz, 
CDC13): 8  3.64 (s, 3H, OCH3), 2.29 (t, 2H, 7 =  7.5 Hz, H2), 1.52 (m, IH, H13), 1.61 - 
1.16 (m, 20H, CH2), 0.84 (d, 6 H, J  = 8.3 Hz, CH3); FTIR (neat film, cm-1): 2925s, 
2853s, 1743s, 1461 w, 1436w, 1170m; HRMS (El): Calculated for C 16H 32O2 (M+): 
256.2402, Found: 256.2382.
a , P Unsaturated Ester M. n-Butyl lithium (8.15 mL, 1.3 M in hexanes, 10.6 
mmol, 1.2 equiv) was added to a solution of diisopropylamine (1.86 mL, 13.3 mmol, 1.5 
equiv) in tetrahydrofuran (40 mL) at -78 °C. The reaction flask was transferred briefly to 
an ice bath (<10 min), and then was cooled to -78 °C. A solution o f L (2.26 g, 8.83 
mmol, 1 equiv) in tetrahydrofuran (20 mL) was transferred by cannula to the cold 
reaction mixture, and the resulting solution was stirred at -78 °C for 25 min. Solid 
diphenyldiselenide was added to the reaction mixture in one portion, and the resulting 
suspension was allowed to warm to 23 °C and stirred at that temperature for 5.5 h. The 
deep yellow solution was then partitioned between ethyl ether (700 mL) and water (300 
mL). The organic layer was washed sequentially with water (300 mL) and saturated 
aqueous sodium chloride solution (300 mL), then was dried (sodium sulfate) and 
concentrated. Excess diphenyldiselenide was removed from the residue by flash column 
chromatography (gradient elution: 20 - >  25% dichloromethane in hexanes). A  solution 
o f  the se len ide in dichlorom ethane (100 mL) was treated with solid  m- 
chloroperoxybenzoic acid (3.13 g, 60% w/w, 10.9 mmol, 1.2 equiv) at -78 °C, and the 
resulting suspension was stirred at -78 °C for 2 h. Excess oxidant was quenched by the 
addition o f dimethyl sulfide (3.20 mL, 43.6 mmol, 4.9 equiv) and triethylamine (1.22 mL, 
8.83 mmol, 1 equiv). The resulting solution was stirred at 23 °C for 6  h, then was 
partitioned between ethyl ether (500 mL) and water (300 mL). The organic layer was 
washed with saturated aqueous sodium chloride solution (300 mL), then was dried 
(sodium sulfate) and concentrated. The residue was purified by flash column 
chromatography (5% dichloromethane in benzene) to give M (1.11 g, 55%) as a clear, 
colorless oil. *H NMR (300 MHz, CDCI3): 6.97 (dt, IH, J  = 6 .9 ,15 .5  Hz, H3), 5.81 (dt, 
IH, 7 =  1.4,15.5 Hz, H2), 3.73 (s, 3H, OCH3), 2.20 (m, 2H, H4), 1.50 (m, IH, H13), 1.45
©1993 Am. Cheni- Supplementary material,j .  Am. Chem. Soc. v. 11 o "  g
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- 1.17 (m, 16H, CH2), 0.82 (d, 6 H, J = 6.9 Hz, CH3); FTIR (neat film, cm-l): 2926s, 
2854s, 1729s, 1658m, 1436w, 1269m, 1173w, 1042w; HRMS (El): Calculated for 
C 16H 31O2 (MH+): 255.2113, Found: 255.2313.
Acid N. A solution of ester M (364 mg, 1.43 mmol, 1 equiv) in a mixture of 1 M 
aqueous sodium hydroxide solution and r-butanol (1:1 v/v, 8 mL) was stirred at 60 °C for 
1.5 h. The reaction mixture was partitioned between ethyl acetate (100 mL) and 0.5 N  
aqueous hydrochloric acid solution (100 mL). The organic layer was washed with 
saturated aqueous sodium chloride solution (100 mL), then was dried (sodium sulfate) 
and concentrated. The residue was purified by flash column chromatography (50% ethyl 
acetate in hexanes) to give N (312 mg, 91%) as a white solid (mp 41.5 °C). lH  NMR 
(300 MHz, CDC13): 5 7.09 (dt, 1H, 7 =  7.1, 15.3 Hz, H3), 5.82 (dt, 1H, J =  1.2, 15.3 Hz, 
H2)» 2.22 (m, 2H, H4), 1.50 (m, 1H, H13), 1.47 - 1.12 (m, 16H, CH2), 1.86 (d, 6 H, J  = 
7.0 Hz, CH3); FTIR (neat film, cm-l): 3300 - 2300w (br), 2922s, 2849s, 1691s, 1651m, 
1668w, 1420w, 1284w; HRMS (El): Calculated for C 15H29O2 (MH+): 241.2168, 
Found: 241.2178.
©1993 Am. Chem. Soc. 







!H NMR (400MHz, CDCI3 ): 8  8.11 (m, 2H, ArH), 7.63 (m, IH, ArH), 7.50 (m, 2H, 
ArH), 5.63 (dd, IH, J  = 3.4, 1.0 Hz, H4), 4.63 (d, IH, J  = 7.5 Hz, HI), 3.87 (ddd, IH, J = 
7.6,5.9,1.0 Hz, H5), 3.71 (m, IH, H3), 3.57 (dd, IH, J = 10.3,7.5 Hz, H2), 3.41 (m, 2H, 
H6 ), 2.45 (s(br), IH, OH), 0.98 (s, 9H, f-C^Hg), 0.24,0.22 (2xs, 2x3H, Si(CH3)2).
13C NMR (400 MHz, CDCI3): 8  166.4, 133.5-128.4 (arora), 97.4,74.0,70.5,70.4,66.0, 
29.1,25.6,25.6,25.5,17.8, -4.2, -5.2.
FTIR (neat film), c m 1: 3624-3248m (br), 2930m, 2858m, 2115s, 1725s, 1452w, 1362w, 
12"3s, 1115s, 1071s, 836s, 708s.
MS (FAB): 486 (MH+), 354 (M+ - CgHisOSi), 105 (C6H5CO)+.
HRMS (FAB): Calculated for C i9H29N3 0 5BrSi (MH+): 486.1077
Found: 486.1060
TLC: R/= 0.40 (33% ethyl acetate in hexanes).
©1993 Am. Chem. Soc. 










*H NMR (400MHz, CDCI3 ): 5 8.12 (m, 2H, ArH), 7.62 (m, 1H, ArH), 7.50 (m, 2H, 
ArH), 7.41-7.28 (m, 5H, ArH), 5,71 (dd, 1H, / =  3.2, 1.0 Hz, H4), 4.93 (d, 1H, / =  7.3 Hz, 
-OCH2O-), 4.75 (d, 1H, J = 6 .6  Hz, PhCH20-), 4.74 (d, 1H, J = 7.3 Hz, -OCH2O-), 4.64 
(d, 1H, J = 7.6 Hz, HI), 4.60 (d, 1H, J = 6 .6  Hz, PhCH20-), 3.83 (ra, 1H, H5), 3.78 (dd, 
1H, J = 10.5, 3.2 Hz, H3), 3.66 (dd, 1H, J = 10.5, 7.6 Hz, H2), 3.40 (m, 2H, H6 ), 1.00 (s, 
9H, t-C4H9), 0.25,0.24 (2 xs, 2x3H, Si(CH3)2).
13C NMR (400 MHz, CDCI3): 8  165.4,137.6-127.5 (arom), 97.4,92.5, 73.9, 73.2, 69.6, 
69.2,67.6,65.0,29.2,25.6,17.8, -4.1, -3.3.
FTIR (neat film), cm’1: 2930m, 2858m, 2113s, 1728s, 1602w, 1454w, 1267s, 1113s, 
1027s, 836s, 784m, 709s.
MS (FAB): 604 (M+ - H), 526 (M+ - Br).
HRMS (FAB): Calculated for C27H35N30 6 BrSi (M+ - H): 604.1511
Found: 604.1479
TLC: R/= 0.60 (17% ethyl acetate in hexanes).
©1993 Am. Chem. Soc. 









1H NMR (400MHz, CDCI3 ): 8  8.09 (m, 2H, ArH), 7.60 (m, 1H, ArH), 7.47 (m, 2H, 
ArH), 7.34-7.27 (m, 5H, ArH), 5.68 (d(br), 1H, J  = 2.6 Hz, H4), 4.96 (d, 1H, J = 7.1 Hz, 
-OCH2O-), 4.74 (d, 1H, J  = 7.1 Hz, -0CH20-), 4.66 (d, 1H, J = 11.7 Hz, PhCH20-), 4.58 
(d, 1H, J =  7.6 Hz, HI), 4.56 (d, 1H, / =  11.7 Hz, PhCH20-), 3.87 (dd(br), 1H, J = 7.8,5.6 
Hz, H5), 3.81 (dd, 1H, 7= 10.3,2.6 Hz, H3), 3.43 (dd, 1H, J=  10.7,5.4Hz, H6 ), 3.38 (dd, 
1H, / =  10.7,7.8 Hz, H6 ), 3.21 (dd, 1H, J=  10.3,7.6 Hz, H2 ), 1.79 (m, 2H, NH2), 0.96 (s, 
9H, Z-C4H9), 0.22,0.20 (2xs, 2x3H, Si(CH3)2).
13C NMR (300 MHz, CDCI3): 8  166.5, 137.3-127.8 (arom), 99.4,93.1,77.0, 74.3,70.0, 
67.6,54.7,29.7,25.8,17.0, -3.8, -5.1.
FTIR (neat film), cm"1: 2928m, 2857m, 1722s, 1452w, 1271s, 1170m, 1109s, 1044s, 
837s, 783m, 708m.
MS (FAB): 580 (MH+), 502 (M-Br)+
HRMS (FAB): Calculated for C27H39NC>6BrSi (MH+): 580.1739
Found: 580.1730
TLC: R/= 0.2 (50% ethyl acetate in hexanes).
©1993 Am. Chem. Soc. 






PhthNo- ^ ^  Br
I
TBS
*H NMR (400MHz, CDCI3 ): 8  8.17 (m, 2H, ArH), 7.84-6.98 (m, 12H, ArH), 5.85 
(d(br), IH, J = 4.4 Hz, H4), 5.52 (d, IH, J = 8.0 Hz, HI), 4.88 (dd, IH, J = 11.5, 4.4 Hz, 
H3), 4.84 (d, IH, J = 7.3 Hz, -0CH20-), 4.56 (dd, IH, J = 11.5, 8.0 Hz, H2), 4.53 (d, IH, J 
= 7.3 Hz, -OCH2O-), 4.18 (s, 2H, PhCH20-), 4.08 (m, IH, H5), 3.47 (m, 2H, H6 ), 0.72 (s, 
9H, f-Gtffc), 0.14,0.01 (2xs, 2x3H, Si(CH3)2).
13C NMR (400 MHz, CDCI3 ): 8  168.2, 167.5, 166.1, 137.2-123.1 (arom), 94.0, 94.0, 
93.3,74.4,71.7,69.7,68.3,54.9,29.4,25.4,17.6, -4.0, -5.4.
FU R  (neat film), cm*1: 2955m, 2858m, 1775m, 17T5s, 1267s, 1175m, 1110s, 1039s, 
837s, 783m, 721m.
MS (FAB): 708 (M-H)*, 652 (M-f-Bu)+
HRMS (FAB): Calculated for C35H39BrN0 8 Si (M-H)+: 708.1628
Found: 708.1595
TLC: R/~- 0.45 (50% ethyl acetate in hexanes).
Supplementary material, 
©1993 Am. Chem. Soc. page 14





PhthN^ 0 ^  SePh 
TBS
*H NMR (400MHz, CDCI3 ): 8  8.17 (m, 2H, ArH), 7.84-6.98 (m, 17H, ArH), 5.78 
(d(br), IH, 7 = 3.4 Hz, H4), 5.74 (d, IH, 7 = 8.1 Hz, HI), 4.84 (dd, IH, 7 =  11.2, 3.4 Hz, 
H3), 4.82 (d, IH, 7 = 7.6 Hz, -0CH2 0-), 4.57 (dd, IH, 7 =  11.2, 8.1 Hz, H2), 4.51 (d, IH, 7 
= 7.6 Hz, -OCH2 O-), 4.17 (s, 2H, PhCH20-), 3.98 (ddd, IH, 7 =  8 .6 , 5.1, 1.0 Hz, H5), 3.21 
(dd, IH, 7 = 12.9, 8 . 6  Hz, H6 ), 3.01 (dd, IH, 7 = 12.9, 5.1 Hz, H6 ), 0.71 (s, 9H, r-C4 H9), 
0.15, 0.02 (2xs, 2x3H, Si(CH3)2).
13C NMR (300 MHz, CDCI3 ): 8  168.6, 168.0, 166.2, 137.1-123.0 (arom), 93.9, 93.0, 
73.6,71.6,69.6,54.9,28.1,25.4,17.5, -3.9, -5.5.
FTIR (neat film), cm*1: 2928m, 2849m, 1775m, 1715s, 1469w, 1389s, 1266s, 1173m, 
1113s, 1038s, 839s, 783m, 721m.
MS (FAB): 786 (M-H)+, 730 (M-*-Bu)+.
HRMS (FAB): Calculated for C^H^NOgSeSi (M-H)+: 786.2001
Found: 786.2013
TLC: R /= 0.40 (25% ethyl acetate in hexanes).
© 1993  Am. Chem. Soc. 






PhthN^ ^ O v  .—HO V- SePh
H
Hemiacetal 4
*H NMR (400MHz, CDCI3 ): 8  8.14 (ra, 2H, ArH), 7.83-6.97 (m, 17H, ArH), 5.88 
(d(br), IH, J = 2.9 Hz, H4), 5.53 (t(br), IH, /  ~ 8.1 Hz, HI), 4.87 (dd, IH, J = 11.0,3.2 Hz, 
H3), 4.84 (d, IH, J = 7.3 Hz, -0CH20-), 4.56 (dd, IH, J = 11.2, 8.5 Hz, H2), 4.52 (d, IH, J 
= 7.3 Hz, -OCH2O-), 4.16 (s, 2H, PhCH20-), 4.02 (t(br), J ~ 6 . 8  Hz, H5), 4.74 (d(br), IH, 
7 = 7.5 Hz, OH), 3.19 (dd, IH, J =  12.9,7.3 Hz, H6 ), 3.02 (dd, IH, /=  12.9, 6.3 Hz, H6 ).
*3C NMR (400 MHz, C6D6): 8  169.0,168.2,166.3,137.9-123.2 (arom), 93.9,93.4,74.3, 
72.5,69.8,54.9,28.6.
FTIR (neat film), cm*1: 3600-3300s, 3062m, 2857m, 1773m, 1714s, 1602w, 1453w, 
1392s, 1268s, 1176m, 1114s, 1025s, 720m.
MS (FAB): 673 (M+), 626 (M+ - OH), 566 (M+ - C6H5CH2O).
HRMS (FAB): Calculated for C3 5H3 iNOgSe (M+): 673.1191
Found: 673.1215
TLC: R/= 0.40 (33% ethyl acetate in hexanes).
MP: 69-71 °C
Supplementary material,
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NMR (400MHz, CDCI3 ): 5 8.24 (m, 2H, ArH), 7.64 (m, IH, ArH), 7.57 (m, IH, 
ArH), 7.48 (m, 2H, ArH), 7.08-6.87 (m, 13H, ArH), 5.67 (d(br), IH, 7 = 3.2 Hz, H8 '), 5.64 
(d, IH, 7 = 8 . 8  Hz, H l l ’), 5.24 (dd, IH, 7 = 11.0, 8 . 8  Hz, H10'), 4.94 (dd, IH, 7=  11.0, 3.2 
Hz, H9'), 4.83 (d, IH, 7=  3.7 Hz, HI"), 4.81 (d, IH, 7 = 7.3 Hz, -0CH2 0), 4.43 (d, IH, 7 = 
7.3 Hz, -OCH2 O-), 4.27 (d, IH, 7 = 12.2 Hz, PhCH2 0-), 4.26 (m, 2H, H6 "), 4.10 (d, IH, 7 
= 12.2 Hz, PhCH2 0-), 3.98 (t, IH, 7 = 9.0 Hz, H3"), 3.65 (m, 2H, H5, H5"), 3.29 (t, IH, 7 = 
9.6, H4"), 3.25 (dd, IH, 7 = 12.5, 9.0 Hz, H6 '), 2.88 (dd, IH, 7 = 12.5, 4.4 Hz, H6 ’>, 2.82 
(dd, IH, 7 = 9.5, 3.7 Hz, H2"), 1.39,1.24 (2xs, 2x3H, C(CH3 )2), 0.97 (s, 9H, r-C^g), 0,08, 
0.06 (2xs, 2x3H, Si(CH3)2).
13C NMR (400 MHz, C6 D6 ): 5 169.2, 167.7, 166.2, 137.8-123.0 (arom), 101.3, 101.1,
99.4.93.3, 74.8, 74.5,72.3,71.2, 69.7, 69.4, 66.4, 65.2,62.5, 53.2, 29.1, 26.1, 25.9, 19.0,
18.3, -4.2, -5.1.
FTIR (neat film), cm"1: 2952s, 2856s, 2107s, 1778m, 1714s, 158Qw, 1470m, 1392s, 
1265s, 1125s, 1025s, 970m, 865s, 720s. 1
MS (FAB): 911 (M - 1- Bu)+, 156 (SePh)+
TLC: R/= 0.36 (25% ethyl acetate in hexanes).
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*H NMR (400MHzs CDCI3): 8  7.47 (m, 3H, ArH), 7.30 (m, 2H, ArH), 7.23-6.99 
(m, 5H, ArH), 5.00 (d, 1H, J = 3.7 Hz, HI"), 4.54, 4.48 (2xd, 2xlH, J = 6.8  Hz, 
-OCH2O-), 4.44 (m, 2H, PhCH20-), 4.33 (m, 2H, H5\ H6 "), 4.21 (t, 1H, J = 9.5 Hz, 
H3"), 4.17 (d, 1H, J  « 7.8 Hz, H l l ’), 3.79 (d(br), 1H, J  = 2.9 Hz, H8 ’), 3.70 (m, 1H, 
H6 "), 3.43 (t, 1H, J  = 9.5 Hz, H4"), 3.32 (m, 2H, H6 ’), 3.27 (dd, 1H, J  = 11.0, 7.8 Hz, 
H10')> 3.22 (dd, 1H, J  = 11.0, 2.9 Hz, H9’), 3.08 (m, 1H, H7‘), 3.01 (dd, 1H, J  = 9.5, 
3.7 Hz, H2 "), 1.91 (m(br), 1H, OH), 1.45, 1.32 (2xs, 2x3H, C(CH3)2 ), 1.11 (s, 9H, r- 
C4H9), 0.50 (m(br), 2H, NH2), 0.28, 0.21  (2xs, 2x3H, Si(CH3)2).
13C NMR (400 MHz, CtfD*): 8  138.0-127.0 (arom), 105.9, 100.6, 99.5, 94.0, 81.0, 
75.2, 75.0, 71.2, 70,1, 67.2, 66.2, 64.7, 62.6, 52.6, 29.2, 28.4, 26.0, 19.0, 18.5, -3.9, 
-4.9.
FTIR (neat film), cm-*: 3600-2900m (br), 2930s, 2857s, 2107s, 1580w, 1472w, 
1383m, 1265m, 1128s, 1024s, 970m, 856s, 737s.
MS (FAB): 781 (MH)+, 723 (M-f-Bu)+, 624 (M-SePh)+
HRMS (FAB): Calculated for C35H53N40 9 SeSi (MH)+: 781.2747
Found: 781.2731
TLG: R/ = 0.18 (50% ethyl acetate in hexanes).
©1993 Am. Chem. Soc. 
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Disaccharide 10
6 "  
CHo
*H NMR (400MHz, CDCI3): 8 7.50-6.98 (m, 10H, ArH), 5.15 (d, 1H, J = 12.2 Hz, 
PhCH2OCO), 5.06 (m(br), 1H, PhCH2OCO), 5.05 (d, 1H, /=  3.9 Hz, HI"), 5.00 (d(br), 
1H, J = 7.8 Hz, HI 1*), 4.95 (m, 1H, NH), 4.60 (d, 1H, J = 6.8 Hz, -0CH20-), 4.57 (d, 1H, J 
= 6.8 Hz, -OCH2O-), 4.47 (d, 1H, J = 12.1 Hz, PhCH20-), 4,45 (d, 1H, /  = 12.1 Hz, 
PhCH20-), 4.25 (m, 2H, H5\ H6"), 4.16 (dd, 1H, J = 9.5, 9.0 Hz, H3"), 4.02 (m(br), 1H, 
H10’), 3.87 (m, 1H, H8’), 3.67 (m, 1H, H6U), 3.59 (ra(br), 1H, H9’), 3.46 (dd(br), 1H, J = 
7.3, 6.5 Hz, H7‘), 3.45 (dd, 1H, /=  9.8,9.0 Hz, H4"), 3.30 (dd, 1H, / =  12.5,7.3 Hz, H6’), 
3.10 (dd, 1H, J =  12.5,6.5 Hz, H6’), 3.03 (dd, 1H, /  = 9.8, 3.7 Hz, H2"), 2.19 (m(br), 1H, 
OH), 1.43, 1.33 (2xs, 2x3H, C(CH3)2), 1.08 (s, 9H, f-C4H9), 0.28, 0.22 (2xs, 2x3H, 
Si(CH3)2).
13C NMR (400 MHz, C6D6): 8 155.5, 141.9-127.0 (arom), 100.2, 99.6, 93.8, 75.3V 74.9, 
70.8, 70.0, 69.6, 68.0, 67.0, 65.8, 65.0, 64.8, 62.7, 54.1, 29.2, 28.4, 26.0, 19.0, 18.5, -3.8, 
-4.9.
FTIR (neat film), cm”1: 3650-3175m (br), 3309s, 2930s, 2857s, 2107s, 1694s, 1556s, 
1455m, 1384m, 1248s, 1023s, 949m, 860s, 696s.
MS (FAB): 914 (MH)+ 857 (MH - f-Bu)+, 156 (SePh)+
TLC: R/= 0.63 (33% ethyl acetate in hexanes).
MP: 114-115 °C
©1993 Am. Chem. Soc. 









CH | 6' 
c h 3
1H NMR (400MHz, CDCI3): 8  7.49-6.99 (m, 10H, ArH), 5.17 (d, 1H, J  = 12.3 
Hz, PhCH 2 OCO), 5.14 (d, 1H, J  = 3.7 Hz, HI"), 5,11 (d, 1H, J  == 12.3 Hz, 
PhCH2 OCO), 4.96 (m(br), 1H, H l l ’), 4.61 (d, 1H, J = 7.1 Hz, -0CH20-), 4.59 (d, 1H, 
J  = 7.1 Hz, -OCH2 O-), 4.54 (d, 1H, J  = 12.1 Hz, PhOCH2), 4.47 (d, 1H, J  = 12.1 Hz, 
PhOCH2), 4.45 (d(br), 1H, J  = 8.3 Hz, NH), 4.31 (m, 2H, H5", H6 "), 4.00 (q(br), 1H, 
/  ~ 10.5 Hz, H101), 3.88 (d(br), 1H, J  = 2.9 Hz, H8 ’), 3.79 (t, 1H, J  = 9.0 Hz, H3"), 
3.74 (t, 1H, J  = 10.0 Hz, H6 "), 3.52 (d(br), 1H (obscured), H3), 3.50 (dd, 1H, J  = 9.3, 
8.7 Hz, H4M), 3.43 (dd(br), J  = 7.3, 6 . 6  Hz, H7’), 3.28 (dd, 1H, J  = 12.5, 6 . 6  Hz, H6 '), 
3.13 (dd, 1H, J  -  12.5, 7.3 Hz, H6% 2.80 (dd, 1H, /  = 9.0, 3.7 Hz, H2"), 2.61 (m(br), 
1H, OH), 1.46, 1.36 (2xs, 2x3H, C(CH3 )2 ), 1.02 (s, 9H, t-C4 H9 ), 0.18, 0.15 (2xs, 
2x3H, Si(CH3)2).
!3C NMR (400 MHz, € 6D6): 5 157.0, 138.1-126.9 (arom), 102.8, 99.3, 93.7, 75.2, 
75.2, 74.7, 70.1, 67.7, 67.1, 65.2, 64.8, 63.0, 58.7, 53.5, 29.4, 28.2, 26.3, 19.1, 18.6, 
-3.7, -4.4.
FTIR (neat film), cm-*: 3516-3100m (br), 3308m, 2928s, 2858mv 1700s, 1544s, 
1478w, 1382m, 1248s, 1097s, 1038s, 945m, 864m, 735m.
MS (FAB): 889 (MH+), 556 (galactose sugar fragment)+, 316 (glucose sugar 
fragment)*
HRMS (FAB): Calculated for C4 3H6 iN2 0 nSeSi (MH+): 889.3210
Found: 889.3210
TLC: R/= 0.28 (50% ethyl acetate in hexanes).
MP: 172-174 °C
©1993 Am. Chem. Soc. 
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XH NMR (400MHz, CDCI3): 8  7.45-6.95 (m, 10H, ArH), 6,00 (m(br), 1H, 
NHAc), 5.30 (d, 1H, J  = 3.2 Hz, H8 '), 5.24 (d(br), 1H, J  * 12.5 Hz, PhCH2OCO), 
5.13 (m(br), 1H, NHCO2R), 5.08 (d, 1H, /  = 3.2 Hz, H I”), 4.92 (d(br), 1H, J  = 12.5 
Hz, PhCH2OCO), 4.70 (d, 1H, J  = 7.3 Hz, -0CH2 0-), 4.55 (dt, 1H, J  = 9.3, 3.2 Hz, 
H2"), 4.54 (d, 1H, J  = 12.5 Hz, PhCH20), 4.50 (d, 1H, /  = 7.3 Hz, -QCK20-), 4.32 
(m, 2H, H5", H6 "), 4.31 (d, 1H, J  = 12.5 Hz, PhCH20), 4.13 (q(br), 1H, J  = obscured, 
H10’), 3.90 (t, 1H, /  = 9.3 Hz, H3"), 3.74 (m, 1H, H6 ,f), 3.58 (t, 1H, /  = 9.3 Hz, H4"), 
3.50 (dd, 1H, /  = 11.0, 3.2 Hz, H9'), 3.37 (dd(br), 1H, J  = 8.1, 6.4 Hz, H7'), 3.03 (dd, 
1H, /  = 13.5, 8.1 Hz, H6 '), 2.79 (dd, 1H, J  = 13.5, 6.4 Hz, H6 ’), 2.04 (s, 3H, 
NHCOCH3), 1.57 (s, 3H, OCOCH3), 1.39, 1.32 (2xs, 2x3H, C(CH3)2), 0.96 (s, 9H, t- 
C4H9), 0.08, 0.04 (2xs, 2x3H, Si(CH3)2).
!3C NMR (400 MHz, C6D6)s 5 170.1, 157.2, 138.1-127.3 (arom), 1 0 1 .2 , 99.5, 
92.8, 75.3, 74.6, 73.3, 71.8, 69.9, 67.7, 67.1, 65.2, 62.8, 54.5, 54.2, 29.3, 28.2, 26.0, 
23.6, 20.2, 19.2, 18.4, -3.9, -4.7.
FTIR (neat film), cm*1: 3525-3100m (br), 2929s, 2856m, 1722s, 1667s, 1538s, 
1373s, 1296w, 1231s, 1117s, 1068s, 1027s, 864m, 737m.
MS (FAB): 973 (MH*), 915 (M+ - * - € ^ 9), 568 (galactose sugar fragment)*, 358 
(glucose sugar fragment)*
HRMS (FAB): Calculated for C47H65N2Oi3SeSi (MH+): 973.3437
Found: 973.3421
TLC: Ry= 0.63 (50% ethyl acetate in hexanes).
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*H NMR (400MHz, COCI3): 8 7.26-7.06 (m, 10H, ArH), 6.25 (d(br), 1H, J  = 9.8 
Hz, NHAc), 5.86 (d, IH, J  = 3.2 Hz, H8 '), 5.18 (d, 1H, J  = 12.2 Hz, PhCH2 OCO), 
5.10 (d(br), 1H, /  = 7.0 Hz, NHC02 R), 5.04 (d, 1H, J  = 3.7 Hz, HI"), 4.97 (d(br), 1H, 
J  = 12.2 Hz, PhCH2 OCO), 4.69 (d, 1H, J  = 1.0 Hz, H6 '), 4.65 (ddd, 1H, J  = 9.8, 9.8, 
3.7 Hz, H2"), 4.62 (d, 1H, /  = 7.1 Hz, -0CH2 0-), 4.61 (d, 1H, J  = 6.1 Hz, H1I'), 4.54 
(d, 1H, J  = 7.1 Hz, -OCH2 O-), 4.53 (d, 1H, J  = 1.0 Hz, H6 ’), 4.52 (d, 1H, J  = 12.3 Hz, 
PhCH 2 0-), 4.42 (ddd, 1H, J  = 10.5, 7.0, 6.1 Hz, H10*), 4.41 (d, 1H, /  = 12.3 Hz, 
PhCH2 0-), 4.24 (ddd, 1H, /  = 10.5, 10.5, 5.3 Hz, H5"), 3.96 (dd, 1H, J  = 9.8, 9.7 Hz, 
H3"), 3.94 (dd, 1H, J  = 10.5, 5.3 Hz, H6 "), 3.73 (t, 1H, J  = 10.5 Hz, H6 "), 3.60 (td, 
1H, J  = 10.0, 9.7 Hz, H4H), 3.59 (dd, 1H, J  = 10.5, 3.2 Hz, H9’), 2.13 (s, 3H, 
NHCOCH 3 ), 1.77 (s, 3H, OCOCH3 ), 1.43, 1.34 (s, 9H, t-C4 H 9 ), 0.17, 0.15 (2xs, 
2x3H, Si(CH3)2).
13C NMR (400 MHz, C6 D6): 5 169.8, 169.7, 157.2, 152.2, 137.9-127.6 (arom), 
103.8, 101.2, 99.5, 93.7, 75.1, 73.9, 72.0, ^0.0, 68.0, 67.2, 65.3, 62.5, 54.4, 54.2, 
53.5, 29.3, 26.0, 23.5, 20.5, 19.1, 18.5, -3.9, -4.7.
FTIR (neat film), cm-1: 3530-3125m (br), 2952s, 1745s, 1715s, 1666s, 1523s, , 
1372s, 1230s, 1113s, 1023s, 864m, 698m.
MS (FAB): 815 (MH+), 757 (M+ - r-C4H9), 440 (galactose sugar fragment)* 358 
(glucose sugar fragment)*.
HRMS (FAB): Calculated for (MH+): 815.3820
Found: 815.3786 
TLC: R/= 0.46 (50% ethyl acetate in hexanes).
©1993 Am. Chem. Soc. 














*H NMR (400MHz, CDC13): 5 7.29-7.08 (m, 10H, ArH), 6.06 (d(br), IH, J  ~ 8.6  Hz, 
NHAc), 5.17 (d, IH, J=  12.2 Hz, PhCH2OCO), 5.12 (d, IH, J=  3.7 Hz, H I”), 5.08 (d(br),
IH, J  ~ 8.3 Hz, NHCO2CH2PI1), 5.04 (d(br), IH, 7 =  12.2 Hz, PhCH2OCO), 4.71 (s, IH, 
H6 '), 4.70 (d, IH, J  = 6.5 Hz, HIT), 4.63 (dt, IH, J  = 10.8, 3.7 Hz, H2"), 4.57 (m, 2H, 
-OCH2O-), 4.49 (s, 2H, PhCH2G-), 4.45 (s, IH, H6 ’), 4.33 (dt, IH, / =  8 .6 , 6.5 Hz, H10’), 
4.28 (dt, IH, 7 =  10.3, 5.4 Hz, H5"), 4.23 (m, IH, H8 '), 4.02 (dd, IH, J=  10.3,5.4 Hz, H6 "), 
3.97 (dd, IH, J  = 11.2, 10.8 Hz, H3"), 3.75 (t, IH, J  = 10.3 Hz, H6 "), 3.60 (dd, IH, J =
II.2 , 10.3 Hz, H4"), 3.58 (dd, IH, J  = 8 .6 , 3.4 Hz, H9'), 2.58 (m, IH, OH), 2.06 (s, 3H, 
NHCOCH3), 1.47,1.35 (2xs, 2x3H, C(CH3)2>, 1.06 (s, 9H, f-QHp), 0-21,0.18 (2xs, 2x3H, 
Si(CH3)2).
13C NMR (400 MHz, C6D6): 6  170.3, 157.1, 155.9, 138.0-127.8 (arom), 102.7, 100.6, 
99.6,98.3, 94.4, 77.4, 75.2, 71.9, 70.2, 67.7, 67.2, 65.1, 62.6, 54.8, 53.8, 29.3, 26.1, 23.4, 
19.2,18.5, -3.8, -4.6.
FTIR  (neat film), cm’1: 3650-3100s, 2928s, 2856m, 1709s, 1662s, 1534s, 1375s, 1247s, 
1116s, 1026s, 861m, 780m, 698m.
MS (FAB): 773 (MH+), 398 (galactose sugar fragment)* 358 (glucose sugar fragment)+.
HRMS (FAB): Calculated for C39H57N2 0 i2Si (MH+): 773.3676
Found: 773.3681
TLC: R /= 0.44 (50% ethyl acetate in hexanes).
© 1993 Am. Chem. Soa  















!H NMR (400 MHz, C6D6 @ 50 "C): 8 7.69 (m, arom), 7.60 (m, arom), 7.30 (m, arom), 
7.14 (m, arom), 7.10-7.03 (m, arom), 6.36 (d, 1H, J  = 10.1 Hz, HI'), 6.27 (m, 2H, NH, 
H I’), 5.97 (m), 5.91 (m, 1H, NH), 5.85 (m, H5'), 5.78-5.54 (m, AOC, H ll', HI', H2', 
H3')> 5.25-4.95 (m), 4.74-4.53 (m), 4.50-4.20 (m), 4.14 (t, 1H, J  = 9.75 Hz, H6"), 4.07- 
3.95 (m), 3.77 (t, 1H, J = 9.75 Hz, H4"), 3.65-3.56 (m), 2.18 (s, 3H, acetamide), 2.13 (s, 
3H, acetamide), 1.49 (s, t- BOC), 1.45 (s, 3H, acetonide), 1.36 (s, 3H, acetonide), 1.33 (s, 
3H, acetonide), 1.12 (s, 9H, Si-f-Bu), 1.09 (s, 9H, Si-t-Bu), 0.31 (s, 3H, SiMe), 0.28 (s, 
3H, SiMe), 0.24 (s, 3H, SiMe), 0.21 (s, SiMe), 0.20 (s, SiMe), 0.19 (s, SiMe).
FTIR (neat film): 3331w(br), 2943w, 1784m, 1760m, 1723m, 1682s, 1527w, 1450w, 
1373m, 1262s, 1147m, 1079m, 1023m, 842w.
TLC: rf = 0.59 (67% ethyl acetate in hexanes)
MS (FAB): 1498(MH+), 772 ([allylic alcohol disaccharide]+).
ELEM. ANALYSIS: Calculated for C69H92N4024SeSi2: C, 55.37; H, 6.20; N, 3.74
Found: C, 55.70; H, 6.18; N, 3.82
MP: 78.0 - 80.5 °C
©1993 Am. Cherrt. Soc. 












*H NMR (400 MHz, C6D6 @ 50 °C): 8 9.70 (d, III, 3 = 9.7 Hz, H6), 7.68-7.60 (m, 
arom), 6.16 (d, 1H, /  = 3.33 Hz, HI'), 6.11 (d, 1H, J  = 10.0 Hz, NH), 6.01 (d, 1H, /  =
5.67 Hz, H ll'), 5.80 (m, 2H, NH, H I”), 5.70 (d, 1H, /  = 2.0 Hz, H5'), 5.53 (d, 1H, J  =
8.67 Hz, H5), 5.51 (d, 1H, J  = 10.0 Hz, NH), 5.27-5.15 (m), 4.73-3.95 (m)> 3.84-3.73 
(m), 3.64-3.55 (m), 2.13 (s, 3H, acetamide), 2.07 (s, 3H, acetamide), 1.51 (s, 9H,r-BOC), 
1.47 (s, 3H, acetonide), 1.35 (s, 3H, acetonide), 1.33 (s, 3H, acetonide), 1.09 (s, 9H, Si-r- 
Bu), 1.06 (s, 9H, Si-r-Bu), 0.28 (s, 3H, SiMe), 0.25 (s, 3H, SiMe), 0.23 (s, SiMe), 0.22 (s, 
SiMe), 0.16 (s, SiMe), 0.15 (s, SiMe), 0.05 (s, SiMe), -0.17 (s, SiMe).
FTER (neat film): 3334w(br), 2931w, 1786m, 1719s, 1667s, 1540w, 1452w, 1374m, 
1256s, 1120s, 1022s, 861m, 840m.
TLC: if = 0.44 (67% ethyl acetate in hexanes)
MS (FAB): 1329(MH+), 358 ([glucosamine fragment]4"),
MP: 94.0-95.5 °C
©1993 Am. Chem. Soc 












*H NMR (400 MHz, CDCI3 @ 50 °C): 8  7.52 (d, IH, /  = 8.1 Hz, H6 ), 7.35-7.20 (m, 
10H, arom), 5.83 (d, IH, J = 8 .6  Hz, NH), 5.74 (d, IH, /  = 8.1 Hz, H5), 5.65 (d, IH, J = 
4.0 Hz, H I’), 5.18 (d, IH, J = 12.1 Hz, CBZ), 5.03 (m, 2H, HI", H ll'), 4.98 (d, IH, J = 
12.1 Hz, CBZ), 4.79 (ds IH, J * 6.3 Hz, BOM), 4.73 (d, IH, J = 6.3 Hz, BOM), 4.62 (d, 
IH, J = 7.5 Hz, NH), 4.56 (d, IH, J = 11.8 Hz, BOM), 4.52 (d, IH, I = BOM), 4.32 (m, 
2H), 4.20-4.05 (m, 2H, 3.96 (t, IH, J * 3.5 Hz, H3'), 3.94 (m, IH, H6 ”), 3.84 (m, IH, 
H4'), 3.82-3.71 (m, 3H), 3.66 (t, IH, J = 10.1 Hz, H6 "), 3.55 (t, IH, J = 9.2 Hz, H4"), 
3.43 (s-br, IH), 3.27 (s-br, IH), 2.62 (s-br, IH), 2.20 (m, IH, H6 ’), 1.91 (s, 3H, 
acetamide), 1.74 (m, IH, H6 '), 1.58 (s, 9H, f-BOC), 1.45 (s, 3H, acetonide), 1.37 (s, 3H, 
acetonide), 0.85 (s, 9H, Si-f-Bu), 0.08 (s, 6 H, SiMe2).
FTIR (neat film): 3354m(br), 2933m, 1784m, 1713s, 1667s, 1544m, 1449w, 1374m, 
1253m, 1120s, 1079m, 1026s, 867w, 838w, 726m.
TLC: if = 0.34 (10% methanol in dichloromethane)
MS (FAB): 908 (MH - iV-BOC-uracil)-, 211 (W-BOC-uracil)\
MP: 223.0 °C
©1993 Am. Chem. Soc. 












Synthetic Tunicamycin V (1-V)
*H NMR (400 MHz, CD3 OD): 8  7.91 (d, 1H, J  = 8.0 Hz, H6 ), 6.81 (dt, 1H, J = 6.9, 
15.5 Hz, fatty acid Hpf), 5.93 (d, 1H, /  = 15.5 Hz, fatty acid Ha), 5.92 (d, 1H, /  = 5.6 Hz, 
HI'), 5.74 (d, 1H, J  = 8.0 Hz, H5), 4.92 (d, 1H, /  = 3.9 Hz, HI"), 4.58 (d, 1H, J  = 8 .8  Hz, 
H l l ’), 4.20 (m, 2H, H3\ H2'), 4.07 (m, 1H, H10'), 4.01 (m, 2H, H5', H5"), 3.84 (m, 3H, 
H3", H4', H8 1), 3.77 (m, 1H, HT), 3.64 (m, 4H, H3", H6 H, H9'), 3.33 (t, 1H, J = 9.1 Hz, 
H4"), 2.19 (m, 2H, fatty acid Hy), 2.09 (m, 1H, H6 '), 1.92 (s, 3H, acetamide), 1.57-1.40 
(m, 3H, H6 \  /-Pr-CH, fatty acid H8), 1.28 (s-br, 12H, CH2 ), 1.16 (m, 2H, CH2), 0.87 (d, 
1H, /  = 6.7 Hz, z-Pr-CH3).
!3C NMR (100 MHz, CD3 OD): 8  173.5 (acetamide C=0), 169.8 (fatty acid amide 
C=G), 166.1 (C4), 152.6 (C2), 146.5 (C6 ), 142.8 (fatty acid Cj3), 125.0 (fatty acid Cot), 
103.1, 102.1 (C5), 100.3 (C ll’X 90.1 (Cl"), 90.1, 89.6 (Cl'), 75.5, 74.3, 73.3, 72.9,72.7, 
72.6, 72.1,70.9, 68.4, 63.2, 55.0, 54.5,40.2, 35.9, 33.0, 31.0, 30.7, 30.6, 30.5, 30.3,29.5, 
29.1,28.5,23.2,23.0.
FTIR (neat film): 3329s(br), 2924s, 2849m, 1667s(br), 1468m, 1267w, 1096s, 1020s.
TLC: rf = 0.60 (2:1:1 «-butanol:acetic acid:water)
MS (FAB): 831 (MH+), 223 (fatty acid acyl fragment)*-
HRMS (FAB): Calculated for C s g H ^ O ie  (MH+): 831.4239
Found: 831.4229
[ ocJd 2 4 : +60.5 0 (c = 0.515, pyridine)
©1993 Am. Chem. Soc. 




MP: 235-236 °C (decomp)
Mixed (synth. & auth.) MP: 236 °C (decomp) 
HPLC: see attached.
©1993 Am. Chem. Soc. 
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Authentic Tunicamycin V (1-V)
NMR (400 MHz, CD3 OD): 8  7.91 (d, IH, J  = 8.1 Hz, H6 ), 6.81 (dt, IH, J  = 6.9, 
15.5 Hz, fatty acid H(3,), 5.93 (d, IH, J = 15.5 Hz, fatty acid Ha), 5.92 (d, IH, /  = 5.6 Hz, 
H I’), 5.74 (d, IH, /  = 8.1 Hz, H5), 4.92 (d, IH, J  = 3.9 Hz, HI"), 4.58 (d, IH, J  « 8 . 6  Hz, 
H ll') , 4.20 (m, 2H, H3', H2'), 4.07 (m, IH, H10'), 4.01 (m, 2H, H5!, H5"), 3.84 (m, 3H, 
H3", H4\ H 8 '), 3.77 (m, IH, H 7), 3.64 (m, 4H, H3H, H6 ", H9'), 3.33 (t, IH, J  = 9.1 Hz, 
H4"), 2.19 (m, 2H, fatty acid Hy), 2.09 (m, IH, H6 ’), 1.92 (s, 3H, acetamide), 1.57-1.40 
(m, 3H, H6 ', i-Pr-CH, fatty acid H8 ), 1.28 (s-br, 12H, CH^), 1.16 (m, 2H, CH2)f 0.87 (d, 
IH, /  = 6.7 Hz, /-Pr-CH3).
13C NMR (100 MHz, CD3 OD): 5 173.5 (acetamide C=0), 169.8 (fatty acid amide 
C =0), 166.1 (C4), 152.6 (C2), 146.5 (C6), 142.8 (fatty acid C|3), 125.0 (fatty acid Cot), 
103.1, 102.1 (C5), 100.3 (C ll'), 90.1 (Cl"), 90.1, 89.6 (C l1), 75.5,74.3, 73.3, 72.9, 72.7, 
72.6,72.1,70.9, 68.4, 63.2, 55.0, 54.5,40.2, 35.9, 33.0, 31.0, 30.7, 30.6, 30.5, 30.3, 29.5, 
29.1,28.5, 23.2,23.0.
FTIR (neat film): 3328s(br), 2924s, 2849m, 1666s(br), 1465m, 1267w, 1096s, 1020s. 
TLC: i f  = 0.60 (2:1:1 H-butanol:acetic acid:water)
MS (FAB): 831 (MH+).
HRMS (FAB): Calculated for C s g l f e N ^  (MH+): 831.4239
Found: 831.4250
[cxId 24" +59.1 * (c = 0.501, pyridine)
© 1993 Am. Chem. Soc. 




MP: 233-235 ”C (decomp)
HPLC: see attached.
©1993 Am. Chem. Soc. 
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